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Optimal Planning Method of Energy Plant Configurations
based on a Genetic Algorithm
Kikuo FUJITA, Shinsuke AKAGI, Noriyasu HIROKAWA and Kiyotaka YOSHIDA
An optimization method for the planning problem of energy plant configurations is proposed based on
genetic algorithms. In such a planning problem, a plant configuration, i.e., types, models, and numbers of
equipment, is determined so as to satisfy required energy demand conditions and to minimize the sum of
plant facility cost and input energy cost. This is a combinatorial optimization problem similar to the knapsack
problem, which is hard to find an optimal configuration due to the huge number of alternatives. In this paper,
we apply a genetic algorithm to such an optimal planning problem by representing a plant configuration with
bit vectors and by arranging cost functions so as to keep search performance superior against the deceptive
problem. Its optimization performance is demonstrated by computational examples of a cogeneration plant
and comparison results with a random search and a simulated annealing method.
Key Words : Optimal Design, Genetic Algorithms, Plant Design, Combinatorial Optimization, Deception,
Cogeneration Plant
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Fig. 1 Energy demand pattern — Electricity
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Fig. 2 Schematic of a cogeneration plant
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Fig. 3 Generalized configuration of energy plants
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Fig. 5 Compensation against deceptive problem
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Table 1 Numbers of models and maximal numbers of
installed ones
Types of equipment
# of Max. # of
models installed
Gas turbine (GT) 7 1
Gas steam boiler (GSB) — 0
Gas water boiler (GWB) 14 2
Steam absorption refrigerator (SR) 14 2
Gas absorption refrigerator (GR) 14 2
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Fig. 6 Convergence history — 10 trials with compen-
sation for deception
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Table 2 Optimal plant configurations with compensa-
tion for deception
SEED
Plant Configuration Plant Cost [106 Yen/Year]
GT GWB SR GR Facility Operation Total
0 2 8 3 7 20.60 97.11 117.72
1 2 9 8 2 20.54 97.54 118.08
2 2 9 7 4 20.57 97.19 117.76
3 2 10 10 – 19.53 97.76 117.29
4 2 10 10 – 19.53 97.76 117.29
5 2 8 7 4 20.41 97.26 117.67
6 2 8 5 6 20.66 97.15 117.82
7 2 10 10 – 19.53 97.76 117.29
8 2 10 10 – 19.53 97.76 117.29
9 2 10 10 – 19.53 97.76 117.29
Table 3 Optimal plant configurations without compen-
sation for deception
SEED
Plant Configuration Plant Cost [106 Yen/Year]
GT GWB SR GR Facility Operation Total
0 2 10 5 6 20.97 97.05 118.02
1 2 9 3 7 20.77 97.01 117.79
2 2 9 8 2 20.54 97.54 118.08
3 2 10 8 2 20.69 97.52 118.21
4 2 9 8 2 20.54 97.54 118.08
5 2 13 10 – 20.10 97.76 117.86
6 2 9 8 2 20.54 97.54 118.08
7 2 10 3 7 20.92 96.99 117.91
8 2 9+2 10 – 19.85 97.76 117.61
9 2 8 1 7+1 21.40 97.14 118.54
‘9+2’ means that Type-9 and Type-2 models are installed.
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Fig. 7 Convergence history — 10 trials without
compensation for deception
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Fig. 8 Comparison with random search
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